Fifteen clinical isolates of Fusobacterium species were studied to determine their quality of growth on five agar media, their susceptibility to penicillin, cephalothin, cefoxitin, and cefotaxime, the inoculum effect, and the presence of L forms and beta-lactamase. 
Fifteen clinical isolates of Fusobacterium species were studied to determine their quality of growth on five agar media, their susceptibility to penicillin, cephalothin, cefoxitin, and cefotaxime, the inoculum effect, and the presence of L forms and beta-lactamase. Wilkins-Chalgren agar supported confluent growth best, but Fusobacterium nucleatum exhibited poor growth on ail agar media. Most isolates exhibited poor reproducibility of MIC results with repeated agar dilution testing. However, most isolates were susceptible to ail antibiotics at the breakpoint concentrations. No inoculum effect was observed, but preparation of an inoculum at a 0. 5 McFarland nephelometric standard produced a lower than expected number of CFU (106 CFU) in some isolates. L forms were frequently seen. No beta-lactamase was found. The variability in MICs seen with beta-lactam antibiotics was not found when clindamycin was tested. MIC studies with Fusobacterium spp. may be complicated by poor growth on agar media, poor reproducibility, and small inoculum size.
Fusobacterilm species are frequent clinical isolates in anaerobic microbiology laboratories. They are found in specimens obtained from brain abscesses, lung abscesses. oral infections, and abdominal abscesses in humans (9, 11) . In addition, they are the etiologic agents of necrobacillosis of cattle and lambs, sheep footrot, and necrotic rhinitis in pigs (2, 11) . They can be found in pure culture in some of these diseases and often are found in mixed culture (9) . As a group, they are the second most frequently isolated gramnegative anaerobic rod-shaped organisms in our clinical laboratory (species of Bacteroides are the most frequently isolated organisms). Despite their clinical importance, Fllsobui( t(etiiin spp. have not been evaluated extensively for antimicrobial agent susceptibility.
The most widely accepted method of susceptibility testing in anaerobes is the agar dilution method (7) . This method has been proposed as the reference standard method, with Wilkins-Chalgren agar as the medium (17, 21) . Collaborative evaluation of this method has been encouraging in terms of reproducibility of results; however, no Fusobactueriiomn spp. strains were included in the strains tested (18) . MIC data obtained by using the agar dilution technique forfisobo(uteriuin spp. on various agar media have been reported, but the reliability of results obtained for Fitsob(a(îter-iium spp. has not been addressed previously (1, 5, 6, 10, (14) (15) (16) 19) .
Some investigators have reported difficulty in supporting growth of Fusobacteriiun spp. in broth (3) and agar (15) media during susceptibility testing. Also, the occurrence of beta-lactamase (20) The MIC for each strain was the lowest concentration of drug yielding no growth, one discrete colony, or a fine, barely visible haze as determined with the unaided eye. We also determined a second endpoint, namely, the lowest concentration of drug that yielded no growth or one colony; a fine haze was read as evidence of growth.
All 15 organisms were tested against penicillin, cephalothin, cefoxitin, and cefotaxime. Five of the organisms were tested against clindamycin.
Beta-lactamase. Each strain was examined for the presence of beta-lactamase by using a nitrocefin solution and PADAC strips (4, 6, 8) . Two B. fragilis strains were used as controls; one was always strongly positive, and one was never positive. The nitrocefin solution was subsequently used to screen for induced beta-lactamase following exposure of the organisms to cefoxitin at concentrations of 0.1, 1, and 10 jig/ml. In addition, each broth culture was sonicated to disrupt the cells and centrifuged to separate cellular debris from intracellular contents. Nitrocefin was used to screen cellular debris and the intracellular soluble contents of induced and noninduced cultures for beta-lactamase.
L forms. During two determinations of MIC, each strain was examined for L-form colony morphology by using Dienes stain (13) Table 2 ). The median differences from the low MIC to the high MIC for each strain expressed in log2 dilutions were as follows: penicillin, 4; cephalothin, 5; cefoxitin, 3; and cefotaxime, 4. This variability did not affect antimicrobial agent susceptibility when it was defined by susceptibility at the following breakpoints: penicillin, 12.5 U/ml; cephalothin, 16 p.g/ml; cefoxitin, 16 ,ug/ml; cefotaxime, 16 pLg/ml; and clindamycin, 4 1Lg/ml (6, 10 dilutions between the lowest and highest cephalothin MIC determinations.
Inoculum. Diluting the inoculum by 100 did not alter the MIC by more than 3 dilutions. The isolates which showed wide variability during MIC testing tended to clump when they were grown in broth, although the clumps dispersed when the preparations were mixed with a Vortex mixer.
These isolates had fewer CFU in broth adjusted to a 0.5
McFarland nephelometric standard after the use of a Vortex mixer than did isolates with less variability in MIC tests. The average value for the Bacteriodes spp. strains was 3 x 108 CFU/ml, whereas the Fusobacterium spp. isolates with large amounts of MIC variability averaged 3 x 106 CFU/ml and those with little MIC variability averaged 3 x 107 CFU/ml.
For some MIC determinations, the endpoint seemed to be less obvious than the endpoint for the Bacteroides spp. control strains. When a barely visible haze was interpreted as evidence for growth, the MIC increased severalfold. The variability with multiple determinations was even greater when this endpoint was used. The data recorded here were derived by using conventional endpoint criteria. Beta-lactamase. There was no beta-lactamase found in any isolate by the nitrocefin technique or by PADAC strips. 
DISCUSSION
Most isolates of Fusobacterium spp. appear to be susceptible to penicillin, cefoxitin, and clindamycin, which are commonly used to treat anaerobic bacterial infections. A few isolates can be resistant to these drugs and are usually members of rarely isolated species, such as F. varium and 16 ,ug/ml; cefoxitin, 16 ,.g/ml; cefotaxime. 16 ,ug/ml; and clindamycin, 4 Ftg/ml. Fusobacterium mortiferum (9) . Strains of the more commonly isolated species F. nucleatum and F. necrophorum are almost invariably susceptible to the drugs mentioned above when they are studied by in vitro testing (19 A novel penicillinase has been described from some penicillin-resistant F. nucleatum isolates (20) . No constitutive, inducible, or cell bound beta-lactamase was found in the strains which we studied.
It is apparent that further studies need to be done on the antimicrobial agent susceptibility of Fusobacterium spp. isolates. The factors of poor growth of Fusobacterium spp. in most media, low numbers of CFU in inocula prepared to nephelometric standards, and variable results may play a role in determining antimicrobial agent susceptibility by most methods. Since most Fusobacterium spp. found resistant by the agar dilution technique have reproducible MIC results and since susceptibility as defined by breakpoint criteria appears to be reproducible, the agar dilution technique is probably acceptable for susceptibility studies of Fusobacterium spp. in clinical microbiology laboratories.
